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The generation, control, and detection of spin currents in solid-state devices are critical for Joule-
heating minimization, spin-based computation, and electrical energy generation from thermal gra-
dients. Although incorporation of spin functionality into technologically important architectures is
still in its infancy, advantages over all-electric devices are increasingly becoming clear. Here, we
utilize the spin Seebeck effect (SSE) in Pt/Y3Fe5O12 devices to detect light from 390 to 2200 nm.
We find the device responsivity is remarkably flat across this technologically important wavelength
range, closely following the Pt absorption coefficient. As expected from a SSE-generation mech-
anism, we observe that the photovoltage and Pt heating dynamics are in strong agreement. To
precisely determine the optically created thermal gradient produced from a point-like heat source,
we introduce a field-modulation method for measuring the SSE. Our results show broadband optical
detection can be performed with devices based solely on spin current generation and detection.
I. INTRODUCTION
Spin current generation, detection, transport, and ma-
nipulation are key components of a new generation of
spin-based devices that have both spin and electrical
characteristics [1, 2]. Unlike traditional, all-electrical de-
vices, these architectures utilize a flow of spins (i.e., a
spin current density, Js) to transmit information and/or
energy in lieu of the carrier charge [3, 4]. Given the weak
interactions between most types of matter and carrier
spins, pure spin currents transmit energy significantly
more efficiently than charge currents, which unavoid-
ably incur energetic losses in non-superconducting ma-
terials. However, the magnetic nature of spin also means
that its incorporation into traditional charge-based de-
vices remains a technologically significant hurdle. More-
over, it continues to be unclear that utilizing the carrier
spin (instead of their charge) actually produces a marked
performance enhancement in device performance except
in selected cases, such as giant magnetoresistance, or in
magneto-optical devices [5].
To explore the advantages that pure spin currents (i.e.,
a net spin flow without net charge movement) may have
over traditional optoelectronics, researchers have focused
on three main ways to create Js: the spin Seebeck ef-
fect (SSE) [6], spin pumping [7, 8], and the spin Hall
effect [1, 9–11]. In particular, the SSE has gained sub-
stantial attention of the last few years as a way to convert
thermal energy to electrical energy (i.e., spin caloritron-
ics) [12]. Like the electrical Seebeck effect, in which a
thermal gradient, ∇T , produces a current density in ma-
terials with itinerant charge carriers [13], the SSE occurs
when a thermal gradient produces a pure spin current.
However, unlike its electrical analog, the SSE has been
generated not just in ferromagnetic metals [6] and semi-
conductors [14], but also in magnetic insulators [15–17].
∗ wrice2@uwyo.edu.
Beyond these three main pure-spin-current generation
mechanisms, recent work by Ellsworth et al. [18] has
suggested a fourth pure-spin-current-generation pathway
called the photo-spin-voltaic (PSV) effect [19], which pro-
duces Js from the unequal dephasing of spin-polarized
photogenerated electrons and holes in Pt. Unlike the
other pure-spin-current-generation mechanisms, the PSV
effect only occurs in the non-magnetic metal top layer
and has only been observed via optical excitation. Given
that both the longitudinal SSE (LSSE) and PSV effect
are ultimately measured via a voltage across the non-
magnetic metal top layer, the all-optical nature of the
PSV effect makes its empirical signatures difficult to dis-
tinguish from the optically generated LSSE. Although a
spin current density can be generated in a wide variety of
magnetic materials through the aforementioned mecha-
nisms, measuring it primarily relies on either the inverse
spin Hall effect (ISHE) [7, 8, 20, 21], which produces an
electrical voltage from a spin current via spin-orbit cou-
pling, or polarization-sensitive optical detection, which
utilizes out-of-plane magnetization to alter the incoming
light polarization [22–24].
In this work, we utilize the bulk SSE in Pt/Y3Fe5O12
(YIG) bilayer devices to detect light from 390 to 2200
nm, demonstrating that pure-spin-current generation can
be used for broadband optical detection. We show that
the spin current-generated ISHE voltage, VISHE, is nearly
featureless over this ultrabroadband optical range, with
a responsivity, <(λ), which follows the absorption coeffi-
cient of Pt. In contrast to previous work [18], we find the
dynamical response of the device matches closely with
the Pt thermal behavior, which suggests that the SSE
is the underlying detection mechanism. Finally, we in-
troduce an amplitude-modulated technique for SSE de-
tection, which we use to measure ∇T due to the optical
heating from the Pt film. From our determination of
∇T , along with the measured ISHE voltage gradient, we
estimate the LSSE coefficient, SLSSE (=
VISHE
∇T ), for this
Pt/YIG configuration to be 60±7.8 nV/K. These results
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2FIG. 1. Pt/YIG device layout and photovoltage measure-
ment. (a) The non-magnetic metal (Pt)/magnetic insulator
(YIG) bilayer structure on GGG. For a given device, the
thickness of the Pt metal layer ranges from 2 to 6 nm. A
magnetic field is applied perpendicular to the incident light
direction producing an in-plane YIG magnetization, M. (b) A
schematic of the experimental setup used to collect the steady-
state excitation signal. Depending on the experiment, a linear
polarizer and either a half-wave plate (HWP) or quarter-wave
plate (QWP) were added to the optical excitation path. (c)
Field-dependent in- and out-of-phase signals, VX and VY, re-
spectively, measured using a lock-in amplifier. The solid lines
are error function fits to the data.
suggest that featureless, broadband photodetection can
be readily achieved by thermally generated spin currents,
thus avoiding spectrally limited photocarrier creation in
semiconductors and showing strong similarities to ther-
moelectric photodetectors.
II. RESULTS AND DISCUSSION
In this work, we use bilayer devices prepared using
the procedure described in Ellsworth et al. [18]. Briefly,
a layer of YIG is grown via liquid phase epitaxy on
a Gd3Ga5O12 (GGG) substrate with a thickness of ei-
ther 80 nm or 15 µm depending on the sample series.
Next, RF magnetron sputtering overcoats the YIG with
Pt. We use Pt/YIG devices that had a Pt film thick-
ness, tPt, which ranges from 2 to 6 nm; a diagram of
this heterostructure is shown in Fig. 1(a). In the first
Pt/YIG/GGG device series (YIG thickness = 15 µm),
the 500 µm-thick GGG is polished only on the side on
which the YIG layer is deposited; in the second device set
(YIG thickness = 80 nm), the GGG substrate is polished
on both sides, which allows optical excitation from either
face of the device.
Figure 1(b) schematically shows the experimental
setup used to obtain the majority of the results in this
work. The measurements were conducted in the LSSE
geometry [15, 21]: a uniform magnetic field is applied in
the plane of the device perpendicular to the optically in-
duced ∇T , creating a Js that is proportional to the local
YIG magnetization, M. As will be shown later, we use
the ISHE to detect Js, which creates a spin-dependent
transverse electric field that is orthogonal to both ∇T
and M [21]. The exact origin of the LSSE, either from
a thermal gradient across the YIG [15] (bulk SSE) or
a difference of interfacial temperatures between the Pt
and YIG [23] (interfacial SSE), cannot be unambiguously
determined from either experimental technique that we
use in this manuscript; however, as shown later, we are
very likely observing the bulk LSSE. Although the LSSE
geometry is straightforward to implement, its configu-
ration and our use of thin Pt (<10 nm) allows other
mechanisms, such as the anomalous Nernst effect [25] and
magnetic proximity effects [26], to occur. However, pre-
vious work done using directional magnetization [27] and
Pt/Cu/YIG and Au/Cu/YIG structures [28] strongly
suggests that the LSSE dominates over these effects in
Pt/YIG bilayers.
We measure the optically generated VISHE between two
pressed indium contacts using a lock-in amplifier (LIA)
triggered by an optical chopper. The resulting signal
from a standard field sweep (−100 to +100 Oe), and the
corresponding error function fit, is shown in Fig. 1(c).
We clearly observe that as the field is swept, the device
voltage rapidly rises from negative to positive values be-
tween −30 and +30 Oe, reflecting the change in the YIG
magnetization. We call the in-phase difference in signal
level between opposite field directions 2∆VX, which is
defined as
[
VX,H+ − VX,H−
] ≈ 2VX,H+ ≈ 2VX,H− [21, 29];
the asymmetry in the field-dependent signal that is some-
times observed (VX,H+ 6= VX,H−) is related to an uninten-
tional tilt of the device in the field. 12∆VX is reported as
the device signal throughout this work, except for the
last experiment.
3A. Detection via the inverse spin Hall effect
In distinct contrast to photoconductivity, where photo-
generated carriers produce a measurable voltage (or cur-
rent), and optical thermoelectricity, in which a photo-
induced thermal gradient produces a voltage via the
(electrical) Seebeck effect, we only observe a photovolt-
age in the presence of a (small) magnetic field. As demon-
strated in Fig. 1(c), the steady-state voltage obtained
at higher applied fields shows that the YIG must be
fully magnetized in order to achieve full device respon-
sivity [15]. More precise information can be gleaned if we
pair the how the signal varies as a function of field with
its angular dependence. Specifically, if we are indeed us-
ing the ISHE to detect spin currents, then rotating the
magnetic field direction, and thus the spin polarization
vector, σ, will change the electric field generated between
the two contacts, EISHE [8, 15]:
−∇VISHE = EISHE = 1
σc
DISHE(Js × σ), (1)
where σc is the electrical conductivity (EISHE =
1
σc
Jc),
and DISHE is the ISHE coefficient.
To measure this field angle dependence in Eq. 1, we
placed the Pt/YIG bilayer device between the poles of an
electromagnet that had the ability to rotate a full 360◦
around the bilayer detector (Fig. 2). For each angle of the
electromagnet, θ, taken with respect to the xˆ axis, the
magnetic field was scanned from −100 Oe to +100 Oe.
The field scan at each angle was then fit with an error
function from which the signal was determined.
FIG. 2. As the direction of magnetic field is rotated with
respect to the bilayer device, the variation of the (normal-
ized) signal exhibits a sinusoidal pattern (black fit line), which
agrees well with previous ISHE observations. Inset: Graphical
depiction of the rotational field dependence experiment. The
electromagnets (orange) were rotated a full 360◦ about the
bilayer device. With the indium contacts aligned along the yˆ
axis, θ is defined as the angle between the applied magnetic
field, H, and the xˆ axis. The incident light, whose direction
is defined by the k vector, is set in the −zˆ orientation.
Figure 2 shows the magnitude of the resulting sig-
nal from this field sweep as a function of θ. The
normalized signal clearly follows a sinusoidal pattern
(black fit line), which corresponds to σ rotating from
orthogonal to EISHE (maximum magnitude) to parallel
with it (zero magnitude) and is consistent with previous
works using the pure spin current detection using the
ISHE [8, 15, 18, 30]. Importantly, the use of the magnetic
field vector to observe a photovoltage from a Pt-based
device demonstrates spin current creating functionality
and distinguishes these measuremetns from a photocon-
ductive effect in either Pt or YIG.
B. Spectral response of the Pt/YIG devices
The initial findings of Ellsworth and co-workers [18]
suggested that the spectral dependence of these bilayer
systems may help to determine the primary spin-current-
generation mechanism: that is, distinguish between the
SSE or PSV effect. To measure device spectral response,
we use a wide variety of different illumination sources,
which necessitated examining how the Pt/YIG devices
responded to different light polarizations, incident power,
and pulse repetition rate. The upper panel of Fig. 3(a)
shows that the voltage signal is constant when the linear
polarization is rotated via a half-wave plate (HWP) over
360◦. Similarly, despite the strong spin-orbit coupling of
Pt [20], the device signal remains unchanged when the
ellipticity of the light polarization is tuned from linear
to circular with a quarter-wave plate (QWP). The lack
of polarization dependence is significant not just from a
technological point of view, but it also enables our im-
plementation of the double-sided illumination experiment
discussed later.
To compare the device response obtained at different
wavelengths, we needed to verify that we could normalize
the signal by incident power. In Fig. 3(b), we find that
the signal scales linearly for several different wavelengths.
This linearity allows us to define a device responsivity, <,
for a given wavelength, λ: <(λ) = VISHE(λ)/Pincident(λ),
where Pincident(λ) is the incident power at λ. Figure 3(c)
shows the measured < as a function of incident power
across over four orders of magnitude for the 2 nm-thick
Pt device. Despite the large change in incident power,
the responsivity drop is less than a factor of 100, which
compares favorably with power-dependent < trends in
similarly novel device structures, such as black phospho-
rous carbide [31] and graphene heterostructures [32].
Figure 3(d) shows the power-dependent voltage re-
sponse from excitation sources with different pulse rep-
etition rates. We find that as the repetition rate of the
laser is varied from continuous wave (CW) to 1 kHz to
500 kHz (pulse duration ≈200 fs for both pulsed exci-
tation sources), the device response is exactly the same.
This behavior suggests the mechanism for generating a
photovoltage is based on thermal effects, since the signal
only depends on the average incident power. We note
4FIG. 3. Optical response of the Pt/YIG device. (a) In the upper panel, the normalized VISHE produced by the incident light
shows no change as the linear polarization (half-wave plate; HWP) angle is rotated. Similarly, in the lower panel, we observe no
change when the light polarization is changed via rotation of a quarter-wave plate (QWP). (b) The signal power dependence for
three wavelengths shows a linear scaling, which allows us to normalize the signal by incident power (i.e., device responsivity).
The magnitude of the signal from a 405 nm excitation is clearly larger than the signals from 785 nm and 1035 nm excitation
wavelengths. (c) Device responsivity, <(λ), as a function of incident power for 405 nm on a 2 nm-thick Pt/YIG device. (d)
Voltage signal created by illumination from different pulsed (795 nm, 1 kHz repetition rate, pulse duration ∼180 fs; 1035 nm,
500 kHz repetition rate, pulse duration ∼220 fs) and CW sources as a function of average power. Regardless of repetition rate,
the device signal linearly scales with the average incident power. (e) The device responsivity, <(λ), from 390 to 2200 nm (black
dots) is flat from 450 to 2200 nm. Below 450 nm, we observe a small increase in <. This spectral trend closely follows the
measured absorption coefficient of the Pt film (red).
that previous researchers have shown spin accumulation
times for Pt/YIG structures on the order of 10−12 to
10−11 seconds [23] and magnon dynamics on the order of
10−7 seconds [29], which occur on much faster timescales
than the data shown here. Importantly, the similarity
our observed device response between CW and ultrafast
excitation (including at different repetition rates) as a
function of average power strongly suggests that the in-
terfacial SSE, which has been shown to occur between
the Pt and YIG on timescales of tens of picoseconds [23],
is not influencing our steady-state observations; based on
this (indirect) evidence, we believe the bulk SSE is the
dominant mechanism here.
The spectral dependence of the device responsivity
from 390 to 2200 nm was obtained using several different
excitation sources. In the UV region, 390 to 460 nm, a
frequency-doubled, Ti:sapphire oscillator was used, while
in the visible and near-infrared regimes (540 to 2200 nm),
we utilized a combination of second-harmonic genera-
tion, sum-frequency generation, and signal/idler beams
from a Ti:sapphire-pumped, optical parametric amplifier
(OPA). Finally, we confirmed the near-infrared results
using a tunable-wavelength, Ti:sapphire oscillator from
760 to 990 nm.
To ensure that this broadband spectral dependence is
accurate, we used significant filtering to eliminate spuri-
ous spectral components from the illumination sources.
This operation was especially critical for the OPA out-
put, which contains multiple output wavelengths due to
the nature of the optical generation mechanisms. Given
the polarization dependence of the various frequency-
mixing operations (sum-frequency, difference-frequency,
and second-harmonic generation), we directed the OPA
output through two linear polarizers to remove signif-
5icant fractions of non-relevant wavelengths, which was
followed by set of dielectric and elemental filters (germa-
nium, e.g., for near-infrared light) to further isolate the
desired λ. To ensure the spectral purity of the incident
light, we passed the light through a Princeton Instru-
ments SP2150 monochromator and performed a lock-in
amplifier-based scan using a single-channel InGaAs de-
tector. These spectral scans were done every other exci-
tation wavelength above 1100 nm.
Figure 3(e) shows the spectral dependence of <(λ)
for the 6 nm-thick Pt/YIG device spanning from 390
to 2200 nm, the limits of our optical excitation range.
In contrast to PSV predictions [18] and semiconductor-
based photodetectors, the measured spectral responsivity
is nearly featureless: we observe no significant changes
in the value of <(λ) or sign flips. The red curve in
Fig. 3(e) displays the measured optical absorption co-
efficient, αoptPt , from 390 to 1000 nm of the 6 nm-thick Pt
layer. The matching spectral dependences of both <(λ)
and αoptPt strongly suggest that the absorption of the Pt
is central to the observed behavior.
The unexpectedly broadband, flat spectral responsiv-
ity of our devices represents a remarkable improvement,
both in spectral uniformity and range, over traditional
semiconductor-based photodectors, as well as more exotic
configurations claiming ultrabroadband responsivities,
like few-layer black phosphorous [33], ferroelectric-gated
MoS2 [34], MoS2-graphene-WSe2 heterostructures [32],
graphene heterostructures [35], and nanotube-graphene
hybrids [36]. The extension of the device spectral range
deep into the near infrared (and possibly much farther)
opens up the possibility for using this type of archi-
tecture for converting thermal radiation into electrical
energy, similar to demonstrations of spin-based thermo-
electrics [12]. Unlike photodetectors based on photovolt-
age, photogating, plasmon or cavity enhancement [37],
or carrier multiplication/avalanching, in which either the
carrier population or the carrier mobility is (optically)
changed, our device has more in common with the broad
spectral responsivities seen in thermally based detection
mechanisms, such as photo-thermoelectrics, thermopiles,
pyroelectrics, and bolometers, in which device conduc-
tance is altered via lattice temperature. However, unlike
these more traditional mechanisms in which the semicon-
ductor carrier mobility or metallic/superconductor con-
ductivity is altered by an optically created temperature
increase, our detection mechanism relies on the optical
generation and electrical detection of spin currents. This
fundamentally different photodetection process is advan-
tageous because it leverages materials with high absorp-
tivity (e.g., heavy metals) that do not necessarily cre-
ate easily-recoverable carriers, while avoiding the lossy
process of carrier separation, injection, and recovery. Al-
though we note that the magnitude of our measured <(λ)
remains well below more-optimized, photocarrier-based
architectures [35, 36], recent work on improving the SSE
efficiency [38, 39] show that much larger values of <(λ)
are achievable in spin caloritronic devices.
C. Influence of the Platinum Layer Thickness on
the Device Responsivity
Although the Pt film is the thinnest part of the bilayer
structure (thinner, in fact, than the estimated Pt skin
depth of ∼11 nm in this wavelength range), the large
absorption coefficient (αoptPt ∼105 cm−1) is the dominant
per unit length absorption contribution in the system. As
mentioned above, we used Pt/YIG bilayers with varying
tPt to generalize our observations. Given that total ab-
sorption increases linearly with tPt, a naive expectation
is that VISHE and < follows this same dependence.
FIG. 4. (a) The SSE signal at 785 nm scales linearly with
incident power for different Pt film thicknesses, tPt. (b) Re-
sponsivity, <(λ = 785 nm), as a function of Pt film thickness.
For the three Pt thicknesses measured, we see that as tPt
decreases, < significantly increases.
Figure 4(a) shows VISHE as a function of incident power
for all three Pt film thicknesses. It is immediately clear
that a monotonic increase photovoltage is observed with
decreasing tPt. A plot of < as a function of tPt in Fig. 4(b)
indicates that device responsivity drops by over an order
of magnitude when the Pt film thickness is increased from
2 to 6 nm. Follow-on measurements of <(λ) from 390 to
1600 nm show that this Pt thickness scaling holds across
a broad range of wavelengths. These results suggest that
the energy absorbed per unit length, which is propor-
tional to αoptPt , and the proximity to the YIG layer are
two critical parameters for determining <. Nevertheless,
it is still surprising that as thickness is increased from 2 to
6 nm, < drops by over an order of magnitude. Previous
6work on changing tPt in Pt/YIG bilayers [40], as well as
theoretical models of how SSSE varies with Pt thickness,
show that as tPt decreases, SSSE increases. However, the
surprising increase of < with decreasing tPt may be af-
fected via other factors, such as spin scattering at the
Pt/YIG interface, differences in Pt film wetting on the
YIG [41], thermal gradients across the Pt film [42], differ-
ences in the effective absorption coefficient of the Pt [42],
interfacial Rashba spin-orbit interactions, and thickness-
dependent spin diffusion lengths. Further investigation
of how < depends on tPt is ongoing.
D. Conditions on the photovoltage generation
In the previous sections, the importance of the Pt layer
in the operation of the device was firmly established,
while the role of the GGG, and in particular, heating
effects related to its absorption of light, remained unex-
plored. In this section, we isolate the role of the GGG by
altering either the excitation geometry or manipulating
the Pt layer.
To see if we could produce a thermal gradient across
the YIG via some manner other than illuminating the
Pt top layer, we attempted to directly optically heat the
GGG substrate. In the first experiment, the GGG sub-
strate was excited from the back side of the bilayer with
the goal of flipping the sign of ∇T . While keeping the
total photon number fixed, the percentage of the total
power incident on the front and back was continuously
varied by means of a HWP and a polarization-sensitive
Glan-Taylor polarizer in front of a beamsplitter. Al-
though the incident light polarization states on the front
and back sides of the device are different in this geometry,
we showed in Fig. 3(a) that VISHE is polarization insensi-
tive. Figure 5(a) demonstrates that as the incident power
illumination is shifted, the < only slightly changes. The
insignificant difference with illumination direction sug-
gests that the GGG (and YIG) is not absorbing a sub-
stantial amount of light per unit length [21, 43, 44]. If it
was, ∇T across the YIG would flip signs, thus reversing
the direction of Js and inverting the sign of VISHE.
As a follow-on to this experiment, we directly illumi-
nated the GGG from the side of the device (“edge il-
lumination”) using different excitation sources (405 and
785 nm diode lasers). Since the front side of the device is
at room temperature (i.e., no Pt heating = ‘cold’ Pt-YIG
interface), we are again interested in seeing if the tem-
perature rise of the GGG reverses the thermal gradient
across the YIG, thus flipping the sign of VISHE. How-
ever, this time, we are avoiding any illumination of the
Pt film in an attempt to better distinguish between the
PSV effect (which requires Pt optical excitation) and the
SSE.
To perform the edge-illumination experiment, we used
diamond-grit abrasive paper to polish the two opposite
sides of the device, which minimized optical scattering.
As the edges were lapped, we monitored the surface
quality and device integrity using an optical microscope.
Light was directed through the entire length of the GGG,
thus only optically heating the bottom of the YIG via
the hot GGG. Figure 5(b) clearly shows that the sig-
nal obtained during edge illumination is very small when
compared to front-side illumination with same excitation
power. Taken together, these two direct GGG optical
excitation results show that either (1) the ∇T (∝ VISHE)
across the YIG is dominated by optical heating of the
Pt layer and contributions from the GGG substrate are
negligible or (2) the PSV effect is actually the dominant
spin current generation mechanism instead of the SSE.
In addition to optical heating of the YIG top layer
via the nanometer-thick Pt film, we find that a strong
photocreated signal also requires that the Pt film remain
continuous and connected to the contacts. To demon-
strate this condition, we mechanically removed half of
the Pt film from the 2 nm-thick Pt/YIG device using a
plastic spatula. An optical microscope was used to mon-
itor the removal process to avoid damaging the device.
We performed a point-by-point scan of the half-Pt device
using a three-axis stage, which was automated for three-
axis movement and a long working-distance microscope
objective (Mitutoyu NIR 50×) with a measured spot size
of 20 µm. We scanned an area of 3.3 mm × 4.5 mm with
a step size of 5 µm using an excitation wavelength of 785
nm; at each location, VISHE was measured via a lock-in
amplifier locked to a mechanical chopper modulating the
light intensity. Although 785 nm is outside the higher
absorption regions of YIG and GGG, we observe similar
(with single-location excitation) using a 405 nm laser.
After confirming the VISHE signal with a magnetic field
sweep at a fixed location, the static applied field was set
at 100 Oe, and the device was moved in a 2D pattern.
Figure 5(d) shows the result of this scan, with the
regions indicated in red corresponding to the highest
level of signal. In direct comparison to this SSE signal
map, an optical image of the same total area is shown
in Fig. 5(e). The region that corresponds to the highest
signal in the 2D signal map is the region where the
Pt film remained continuous between the two indium
contacts. As expected, the device generates a voltage
when the optical beam illuminates a region of intact
Pt. Interestingly, however, we do not see an appreciable
signal when the optical excitation is on Pt regions that
are disconnected from the indium contacts. This obser-
vation, along with the measured field-angle dependence
of VISHE (Fig. 4) [8, 15], confirms that we are using
the ISHE to detect spin currents. However, despite the
substantial amount of data presented thus far, we still
cannot conclusively determine whether the SSE and/or
PSV effect is the dominant spin-current generation
mechanism.
7FIG. 5. (a) Device responsivity as optical excitation is varied between the front and back of the device. Since the sign of
<(λ) does not change when the illumination direction is switched from front to back, we conclude that the optically generated
thermal gradient remains the same regardless of the illumination orientation. (b) When a 785 nm diode laser is incident on the
front side of the 2 nm-thick Pt/YIG device (blue), a large signal is observed. In contrast, when this beam at the same power
is incident on the GGG only (from the side; red), a very small voltage signal is obtained. (c) The signal obtained illuminating
Pt/YIG/GGG (blue) and two different locations (red and green) on YIG/GGG with the Pt top layer removed. The solid black
lines are fits to data. The top left inset shows the illumination spot on the sample in a region with (represented by ‘C’) and
without the Pt layer (‘A’ and ‘B’). (d) Two-dimensional mapping of the voltage signal showing variation across a sample with
partially removed Pt areas. (e) Optical image of the sample where the signal mapping in (c) was performed.
E. Thermal Response Dynamics
In order to help distinguish between the PSV effect
and the SSE, we measured the temporal device response
and compared it to the temperature dynamics of the Pt
layer. As shown earlier in Fig. 3(d), the magnitude and
(average) power scaling of VISHE did not change when the
optical illumination was changed from a continuous exci-
tation to various pulsed sources, which suggests that the
signal is generated from a purely thermal heating mech-
anism. A more direct measurement of this hypothesis
is given in Figure 6(a), which shows the signal response
(red) of four, light-on/light-off cycles over the course of
∼85 seconds. When the light is unblocked, the device im-
mediately (to within our instrument resolution of 10 ms)
generates a voltage, which is consistent with results ob-
tained by Ellsworth and co-workers [18] using a broad-
band source. However, unlike these previous results, the
thermal response of the Pt to the light exactly follows the
signal response. This rapid temperature rise and equili-
bration of the Pt layer temperature, and its strong agree-
ment with the device response, both suggest that we are
observing the SSE rather than a photocarrier-mediated
process.
Deeper insight into the SSE mechanism in these de-
vices can be obtained by determining the magnitude
of the Pt temperature change created by the optical
beam. This estimate necessitates determining the tem-
perature coefficient of resistance for the Pt film, αTCPt ,
which is used in the relation for temperature-dependent
resistance, R (T ) [45]: R (T ) = R0
[
1 + αTC (T − T0)
]
,
where R0 is the resistance at a known temperature T0.
In Fig. 6(b), we show the change of R as a function of
temperature to obtain αTCPt = (2.39± 0.01)×10−4 K−1 =
0.0736 (5)αTC bulkPt . The discrepancy between the bulk
Pt temperature coefficient, αTC bulkPt [45, 46], and the
measured temperature coefficient of our thin Pt layers,
8FIG. 6. (a) Device responsivity (red dots) with illumination
off and on in twenty-second intervals. The device response
is faster than the measurement time resolution (10 ms).
(Right vertical axis) Estimated temperature change (blue
dots), ∆Testimate, of the Pt film using the measured value
for αTCPt during the off-on illumination cycles. The dynamics
(within our resolution) of the power-normalized signal and
bulk resistivity change to optical excitation are the same. (b)
Increase in resistance of the Pt film with the temperature.
The black solid line is the linear fit to the data. The mea-
sured value of temperature coefficient αTCPt was found to be
2.39×10−4 K−1 when illuminated with 1190 W/cm2 using
405 nm laser as excitation source. (c) The Pt layer tempera-
ture rise (right y-axis), ∆Testimate, can be estimated from the
change in the Pt resistance, ∆R. As indicated by the inset,
we illuminated on (purple dots) and off (green squares) the
Pt/YIG bilayer.
αTCPt , is attributable to the incomplete and fragmented
nature of metallic films when the thickness is on the
order of nanometers [47]. Using this lower value for
αTCPt , we find that the estimated Pt film temperature rise,
∆Testimate, created by an optical intensity of 1190 W/cm
2
is ∼1.5 K. If we assume the temperature of the bottom
side of the YIG to be unchanged by the optical beam (as
we empirically showed earlier), then the ∼1.5 K change
in the Pt film is actually an estimate of ∆T across the
YIG, a value that is large enough to observe a small SSE
signal. Despite the efforts we took to determine ∆T from
directly measuring ∆R of the Pt layer, this estimate is
not very accurate in our particular case for two reasons:
(1) the optical illumination is over only a fraction of the
total Pt layer and (2) the optical beam has a Gaussian
profile. In both cases, we are deviating substantially from
the situation of an evenly heated bulk slab of Pt, which
is intrinsically assumed in our calculation of ∆Testimate.
Additionally, we also measured the change in the Pt
temperature when the YIG/GGG was optical illumi-
nated. In this experiment, we measured the Pt tem-
perature as a function of optical power when the beam
was on and off of the Pt. Although we did not measure
an appreciable VISHE from the YIG/GGG illumination
(Fig. 5), we did observe a significant temperature change
of the adjacent Pt top layer, as shown Fig. 6(c). This
temperature rise indicates that the thermal energy from
the absorbed light diffuses through the YIG/GGG, but
not enough to create a ∇T large enough to create an
appreciable value of VISHE.
F. Amplitude-Modulation Detection of the Spin
Seebeck Effect
To resolve uncertainty in the determination of ∆T ,
we modified our experiment to unambiguously detect the
SSE, as well as to precisely measure ∇T . In the recon-
figured experimental setup, which is shown in Fig. 7(a),
the device is mounted on a copper heat sink, which is
thermally mated to a thermoelectric cooler (TEC). As
before, a magnetic field is perpendicular to both the in-
coming light and the long axis of the device. However,
instead of modulating the optical intensity and sweeping
the magnetic field, we removed the chopper and added a
slow (13.1 Hz) and small ('1 G) field modulation, H1,
to the larger, sweeping applied field, H0. By locking
onto this modulation frequency, we obtain a voltage sig-
nal that corresponds to the derivative of the device re-
sponse. The key advantage of measuring this amplitude-
modulated (AM) signal is that it allows us to study the
SSE with or without light.
The left panel in Fig. 7(b) shows the AM signal as a
function of the copper heat sink temperature, TCu. As
discussed previously, the SSE occurs when ∇T is estab-
lished across the YIG in the presence of H0. In our case,
∇T ' TPt−TGGGLYIG , where TPt and TGGG are close approx-
imations of the top- and bottom-side temperatures, re-
spectively, of the YIG, and LYIG is the YIG thickness.
For the light-off measurements, we assume that TPt is at
room temperature (∼20◦C). Consequently, as we increase
TCu (≈ TGGG) from 4 to 50◦C, ∇T correspondingly goes
from positive to zero to negative, which is reflected in
the magnitude and sign of the field-scanned AM signal.
The addition of a 1190 W/cm2 intensity beam at 405 nm
increases TPt and thus shifts ∇T by a fixed amount. The
right panel of Fig. 7(b) shows exactly this behavior: the
9FIG. 7. Measurement of the SSE using a field amplitude-
modulation technique. (a) Pt/YIG/GGG device mounted on
a copper heat sink attached to a TEC for backside tempera-
ture control. (b) The amplitude-modulated (AM) signal with
different copper heat sink temperatures, TCu, with (right) and
without (left) optical illumination. As TCu is increased, the
temperature gradient across the YIG, ∇T , goes from negative
to positive, which is mirrored by the sign of the AM signal. (c)
Integrated AM signal with (red) and without (blue) optical
illumination. The ∼11 K shift is created by the Pt absorption
of the light and is directly attributable to the SSE.
point at which the AM signal is zero for the light-on con-
dition occurs when TCu is at a larger value. We note that
more advanced modeling is necessary for an exact deter-
mination of ∇T under optical excitation, especially since
the temperature across the Pt film is not constant [42].
Given that the AM signal is proportional to the deriva-
tive of the optical-modulation signal, the integration of
the curves shown in Fig. 7(b) is comparable to the SSE
signal discussed in previous sections. Figure 7(c) shows
the integrated SSE AM signal as a function of TCu for
both the light off (blue) and on (red). Since VISHE ∝
JSSEs ∝ ∇T ' [TPt − TGGG] 1LYIG ' [TPt − TCu] 1LYIG ,
the key point here is that as the integrated AM signal
is proportional to the magnitude and sign of the SSE-
generated spin current density, JSSEs . More importantly,
the lateral difference between the light-on and -off curves
is a highly accurate (relative) measure of thermal heating
due to optical illumination: the only thing changing be-
tween the curves shown in Fig. 7(c) is the presence of an
additional (optical) heating source. This removes the in-
accuracies incurred by thickness-dependent temperature
gradients across the Pt film [42] and sample-specific prop-
erties [41]. Taking the point at which both curves cross
zero (∇T ' 0), we find that when compared to the light-
off condition, the optically created temperature difference
between the top and bottom sides of the YIG is ∼11 K
using an intensity of 1190 W/cm2. This temperature dif-
ference due to the light, as well as the lack of heating
due to optical absorption by the GGG substrate (Fig. 5),
suggests that we can accurately determine the optically
created thermal gradient across the YIG to be: ∇T '
∆T
LYIG
= 0.73 K/µm. Furthermore, we know that this in-
tensity generates a VISHE of 3.457 µV across the ∼80 µm
beam spot size, which is roughly measured by two indium
contacts spaced 4.45 mm apart giving EISHE = −∇VISHE
= 3.457 µV/80 µm= 43 mV/m. Using our estimates
for ∇T and −∇VISHE, we calculate a quantity akin to a
traditional Seebeck coefficient for SLSSE in this Pt/YIG
device: SLSSE = −∇VISHE/∇T = 60 ± 7.8 nV/K. This
estimate is in line with previous measurements of SLSSE
in Pt/YIG heterostructures [38, 39, 48, 49], but orders of
magnitude below (electrical) Seebeck coefficients found
in thermoelectric devices [50, 51].
Based off spectral, dynamic, and field-modulated
measurements, we believe the observed VISHE is created
via a spin current produced from the (optically heated)
bulk SSE. This interpretation does not exclude the
possibility that the PSV effect [18] may also be present
here. However, a calculation using the estimated number
of optically generated carriers in Pt for the powers we
used in these experiments (details given in Appendix B),
suggests that any PSV signal should be, at maximum,
∼4.9 nV. Given that the measured VISHE is on the order
of 10−6 V, any PSV effect is likely negligible. Moreover,
the extremely flat, broadband, but low responsivity
correlates well with (electrical) Seebeck effect devices,
such as thermopiles. Given the similarities, we expect
a substantial increase in < as temperature decreases,
a hypothesis that preliminary measurements strongly
support.
III. CONCLUSIONS
Taken together, our results show a spin-based detec-
tion of broadband light across the Si-InGaAs detection
range. The spectral responsivity from 390 to 2200 nm is
attributed to Pt absorption, which creates a spin current
from the SSE. We find that the thermal gradient across
the underlying YIG layer from the incident light used
to produce this spin current is 0.73 K/µm; this thermal
gradient measurement allows us to estimate SLSSE as
∼60 nV/K. Unlike previous optical detectors that are
fully reliant on charge carriers, the devices we examine
here use spin current to produce a voltage response from
light. Our measurements of an ultrabroadband and
featureless <(λ), combined with previous SSE dynamical
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studies [23, 29] and routes for enhancing SLSSE [38, 39],
suggest the promise of a spin-based optical detector that
is competitive with current photovoltage architectures.
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APPENDIX A: TEMPERATURE CHANGE
ESTIMATION USING THE RESISTANCE OF
PLATINUM
The resistance of the optically illuminated Pt was
directly measured as a function of optical power to
ascertain αTCPt , the resistance temperature coefficient.
Changes in temperature, ∆T , are related to resistance
changes via [45]:
∆T =
∆R
R0
1
αTCPt
, (2)
where ∆R is the change in the resistance and R0 is
the resistance under no optical illumination. From
the data shown in Fig. 6(b), we determine αTCPt to be
2.39×10−4 K−1, which is significantly smaller than the
αTC of bulk Pt, which is equal to 3.92×10−3 K−1 [46].
APPENDIX B: MAGNITUDE OF THE
PHOTO-SPIN-VOLTAIC EFFECT
Ellsworth et al. [18] have suggested that spin-polarized
photogenerated carriers created in Pt and oriented via
proximity to a magnetized insulator (in our case, YIG)
can produce voltage signals similar to the ones we ob-
serve. In order to distinguish our results from the photo-
spin-voltatic (PSV) effect, we estimate the magnitude
from a 405 nm laser with an incident power of 18 mW
and a beam diameter of 80 µm giving an intensity, I,
of 3.6 MW/m2. Starting with Eq. 1, we recognize that
DISHE is equal to −θSH
(
2e
~
)
, where θSH is the spin Hall
angle and has been reported to range from 10−4 to 100
[6, 20, 30, 52]. Since the charge current density, Jc, equals
σcEISHE, where σc is measured to be σc = 7.07×105 S/m,
we can estimate the magnitude of ∆VISHE as:
∆VISHE = θSH
(
2e`
~σc
)
Js, (3)
where ` (=4.45×10−3 m) is the measured distance be-
tween the indium contacts.
Next, we estimate the magnitude of Js created by
the incident light. In the model put forth by Ellsworth
and co-workers [18], the electron spin density, Jes , is ap-
proximately zero, which means that the hole spin den-
sity, Jhs , becomes the only contribution to Js. Thus,
for the spin current density, we have [18]: Jhs = Js =
− 12Elightd0tPt(′′↑ − ′′↓). Here, Elight is the electric field
of the light and d0 is the region of Pt affected by the
magnetization of the YIG, which we take to be 1 A˚ re-
flecting the small extent of the proximity effect. It is
only in this region that optically generated holes and
electrons are spin polarized, which means that we need
to only consider optical absorption within this thickness.
As such, the light electric field at the ferromagnetic Pt
region, zFM = tPt − d0, is: Elight(zFM) = e−α2 zFM
√
2I
c0
,
where αoptPt (' 107 m−1) is the measured Pt absorption
coefficient, c is the speed of light, and 0 is the vacuum
permittivity. We can therefore relate the light intensity
to the magnitude of the hole spin density:
Js =
1
2
Elight(zFM)d0tPt(
′′
↑ − ′′↓) (4)
Using Eqs. 3 and 4, the relationship between the mag-
nitude of ∆VISHE and I for the PSV effect can thus be
written as:
∆VISHE = θSH
(
e`d0tPt
~σc
)
e−
α
2 zFM
√
2I
c0
(′′↑ − ′′↓). (5)
For our estimate, we take θSH = 10
−1 [30] and ′′↑ − ′′↓ ≈
0.5 [18]. Plugging in these numbers, we can find that
∆VISHE for our 2 nm-thick Pt device to be ∼4.9 nV,
which is three orders of magnitude smaller than the ob-
served signal, 3.457 µV, at this wavelength and optical in-
tensity. Although the predicted wavelength dependence
of (′′↑−′′↓) changes from positive to negative, its expected
magnitude never goes above 5 (that is, a factor of ten
from what we used in this estimate for 405 nm). Increas-
ing both θSH and 
′′
↑ − ′′↓ by an order of magnitude still
puts us a factor of ten below our empirical observations.
Thus, given the size of the estimated PSV effect signal for
these intensities, as well as the lack of wavelength depen-
dence observed in our measurements, we believe that the
VISHE measured in our work comes predominantly from
the bulk SSE.
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